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Description 

METHOD AND APPARATUS FOR 
AMPLITUDE FILTERING IN THE 
FREQUENCY PLANE OF A LITHOGRAPHIC 

PROJECTION SYSTEM 

Background of Invention 

[0001] The present invention relates to a method and apparatus 
for projecting a pattern from a mask onto a substrate in 
the lithographic production of microelectronic features 
and, in particular, to a method and apparatus which filters 
amplitude in the frequency plane of the projected image. 

[0002] Because of the need to decrease size of microelectronic 
circuits and other features lithographically produced on 
semiconductor wafers, there has been considerable effort 
made to increase the resolution of the image projected 
onto the substrate from the mask containing the image 
pattern. Some work has been done to modify the phase of 
the light beam as it passes through the mask, and other 



work has been done to modify the amplitude of the en- 
ergy beam containing the projected mask pattern image. 
As shown in Fig. 1A in an illustration of a typical prior art 
projection system, also called a stepper, an illumination 
source 10 projects an energy beam 12 through a mask 14 
containing a pattern of the features to be formed on a 
wafer substrate. The projected mask pattern image 16 
contains zeroth order beam 20, and first order beams 18 
and 18', as well as any other higher order beams which 
may have been created during mask transmission. As the 
projected image pattern passes through pupil plane open- 
ing 22 in a projection lens system, the different orders of 
energy beams are essentially unaffected so that the ze- 
roth, first and higher orders in the projected mask pattern 
strike the image plane 24 on the surface of the wafer sub- 
strate. The interference of the beams then creates the de- 
sired image of the mask. 
[0003] a previous attempt to modify amplitude of the zeroth 
diffracted order of the projected image pattern 16 and 
obtain a higher resolution is shown in Fig. IB, wherein an 
opaque filter 26 is placed in pupil plane 22 to absorb ze- 
roth order beam 20. This results in only the first order 
beams 18, 18' and any higher order beams striking the 



image plane 24. As a consequence of the blocked zeroth 
order, the pitch of the image is doubled, as would happen 
with an alternating phase shifting mask. This method 
works well and has been confirmed in experiments before. 
However, introduction of the filter in tools has been hin- 
dered by the fact that an opaque filter absorbs energy and 
gets heated. The result of this is that the surrounding op- 
tical materials, such as glass, through which the light 
passes are heated to such an extent that the index of re- 
fraction is changed sufficiently to affect the imaging char- 
acteristics of the projection system, causing undesirable 
aberrations. Thus, there is a considerable problem in 
jeopardizing the optical performance of the scanning tool 
which projects the mask pattern image onto the wafer 
substrate. Accordingly, there is a need to improve resolu- 
tion of the mask pattern image without affecting the opti- 
cal characteristics of the scanning tool. 
Summary of Invention 

[0004] Bearing in mind the problems and deficiencies of the prior 
art, it is an object of the present invention to provide a 
method and apparatus for projecting a mask pattern im- 
age in a photolithography tool which increases resolution 
of the image, without resorting to a phase shifting mask. 



[0005] ^ is another object to provide a method and apparatus of 
modifying the amplitude of a selected diffracted order of a 
mask pattern without causing a heating of the area in the 
vicinity of the projection lens system. 

[0006] it is another object to provide a method and apparatus for 
preventing a selected order of the energy of the projected 
mask pattern image beam from reaching the image plane 
of the substrate. 

[0007] The above and other objects, which will be apparent to 
those skilled in art, are achieved in the present invention 
which is directed to a method of projecting a pattern from 
a mask onto a substrate in the lithographic production of 
microelectronic features comprising initially projecting a 
pattern from a mask toward an image plane of a substrate 
using an illuminating energy beam, wherein the pattern 
being projected from the mask has zeroth and higher or- 
ders of the energy beam. The method then includes de- 
flecting one or more of the orders of energy beams of the 
projected mask pattern at an obtuse angle to prevent the 
one or more deflected order beams from reaching the im- 
age plane, while permitting at least one order of the 
beams of the projected pattern to reach the image plane 
and form the projected pattern on the substrate. 



[0008] Preferably, the zeroth order beams of the projected mask 
pattern are deflected, and higher order beams of the mask 
pattern reach the image plane and form the projected 
pattern on the substrate. More preferably, the zeroth or- 
der beams of the projected pattern are diffracted by a 
diffraction grating. Normally, the projected mask pattern 
contains first orders of the energy beam, so that the first 
order beams of the projected pattern reach the image 
plane. As a result, the projected mask pattern on the im- 
age plane has a smaller pitch, compared to a projected 
mask pattern containing zeroth order beams of the pro- 
jected mask pattern. Also, the projected mask pattern on 
the image plane has decreased amplitude, compared to a 
projected mask pattern containing zeroth order beams of 
the projected mask pattern. In the method of the inven- 
tion, the zeroth order beams of the projected pattern are 
deflected without heating surrounding optical material 
through which beams of the projected mask pattern pass 
and changing index of refraction of the optical material to 
an extent that affects the projected mask pattern. 

[0009] | n another aspect, the present invention is directed to a 
method of projecting a pattern from a mask onto a sub- 
strate comprising providing an energy source, a substrate, 



and a mask containing a pattern of features to be pro- 
jected onto the substrate, and projecting an energy beam 
from the energy source though the mask toward the sub- 
strate to create a projected mask pattern image. The pro- 
jected mask pattern image is created by zeroth and higher 
orders of the energy beam. The method then includes 
diffracting zeroth order beams of the projected mask pat- 
tern image to an extent that prevents the zeroth order 
beams from reaching the substrate, while permitting 
higher order beams of the projected mask pattern image 
to reach the substrate. Preferably, the zeroth order beams 
of the projected mask pattern image are diffracted at an 
obtuse angle. 

[0010] a related aspect of the invention is directed to an appara- 
tus for projecting a pattern from a mask onto a substrate 
in the lithographic production of microelectronic features 
comprising a mask having a pattern thereon and illumina- 
tion source for projecting an energy beam to illuminate 
the mask and projecting the pattern onto an image plane 
of a substrate, wherein the pattern projected from the 
mask has zeroth and higher orders of the energy beam. 
The apparatus also includes a pupil filter for modifying 
the projected mask pattern. The pupil filter includes an 



optical element adapted to deflect one or more of the or- 
ders of energy beams of the projected pattern at an ob- 
tuse angle to prevent the one or more deflected order 
beams from reaching the image plane, while permitting at 
least one order of the beams of the projected pattern to 
reach the image plane and form the projected pattern on 
the substrate. 

[0011] Preferably, the optical element is adapted to deflect the 
zeroth order beams of the projected mask pattern, and 
permit higher order beams of the mask pattern to reach 
the image plane and form the projected pattern on the 
substrate. More preferably, the optical element is a 
diffractive element adapted to diffract zeroth order beams 
of the projected pattern at an obtuse angle. The diffractive 
element diffracts zeroth order beams of the projected 
mask pattern image without heating surrounding optical 
material through which beams of the projected mask pat- 
tern image pass and changing index of refraction of the 
optical material to an extent that affects the projected 
mask pattern image. 

[0012] The apparatus may further including a condenser lens be- 
tween the illumination source and the mask and a work- 
piece holder for the substrate. The pupil filter is part of a 



projector lens system for projecting the mask pattern to 

reach the image plane and form the projected pattern on 

the substrate. 
Brief Description of Drawings 

[0013] The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The 
invention itself, however, both as to organization and 
method of operation, may best be understood by refer- 
ence to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

[0014] pigs. 1A and IB illustrate, in schematic elevational views, 
prior art mask pattern projection systems. 

[0015] Fig. 1C is a schematic, elevational view of the preferred 
method and apparatus of the present invention showing 
the deflection of zeroth order beams of the projected 
mask pattern, in the pupil, so that it does not reach the 
substrate. 

[0016] Fig. 2 is a schematic, elevational view of the preferred 

projection system of the present invention, showing posi- 
tive lenses only. 

[0017] Figs. 3A and 3B show, respectively, the effect of permit- 



ting passage of, and eliminating passage of, the zeroth 

order beam on the pitch of the projected mask pattern 

image. Because the zeroth order is missing, the pitch is 

doubled in Fig. 3B. 

[0018] pig. 4 is a graphical comparison of the aerial image of the 

two systems of Fig. 3A and 3B. 
Detailed Description 

[0019] | n describing the preferred embodiment of the present in- 
vention, reference will be made herein to Figs. 1-4 of the 
drawings in which like numerals refer to like features of 
the invention. 

[0020] a schematic of the preferred projection system, or step- 
per, of the present invention is depicted in Fig. 2. Illumi- 
nation source 10 emits light or other energy beam 12, 
which travels through a condenser lens 32 and onward as 
beam 12', through mask 14. Disposed on mask 14 is a 
mask pattern made up of elements 15 configured to the 
pattern of the microelectronic circuit elements or other 
features which are to be lithographically produced on the 
surface of wafer substrate 38. Wafer substrate 38 is 
mounted on a workpiece support or stage 40 which 
moves the wafer as the mask 14 patterns 15 are repeat- 
edly projected onto the image plane of 24 on the surface 



of the wafer, which contains a resist layer that reacts to 
the projected pattern. A projection lens system 34 com- 
prises, in sequence, a series of lenses 34a-g, pupil 36 
mounted along pupil plane 22 and a further series of pro- 
jection lenses 34h-34k. Only positive lenses are shown; 
the projector system would also contain negative lenses. 
Typically, the system contains more than 30 lens ele- 
ments. The energy beam 16 emerging from mask 14 con- 
tains the projected mask pattern aerial image in the first 
order beams 18, 18' and higher order beams (not shown). 
[0021] a s shown in Fig. 1C, which depicts in schematic form the 
manipulation of the projected mask pattern in accordance 
with the present invention, projected mask pattern image 
16 contains both zeroth order beams 20 as well as first 
order beams 18 and 18' and higher order beams. Pupil 36, 
located along pupil plane 22, contains a pupil filter com- 
prising an optical element 28 that deflects only the zeroth 
order beams of the projected mask pattern image to a de- 
gree such that they do not strike the image plane 24 on 
wafer 38. As shown in Figs 1C and 2, the preferred optical 
element 28 is a diffractive optical element, also referred to 
as a diffraction or transmission grating, which has suffi- 
ciently small pitch to diffract the zeroth order beam 20 



into beams 21 and 21', which are then emitted from the 
optical element at an obtuse angle a, i.e., is greater than 
90°, with respect to the original direction of zeroth beam 
20. The angle of deflection of the diffracted zeroth order 
beams 21, 21' is dependent on the pitch of the grating on 
diffractive optical element 28, as well as the wavelength of 
the energy beam. Thus, for a given beam wavelength of 
the projection system, the grating pitch of optical element 
28 may be varied to obtain the desired scattering of ze- 
roth order beams 21, 21'. Such optical element may be 
constructed for the particular requirements of the projec- 
tion system by one skilled in the art without undue exper- 
imentation. 

[0022] Optical element 28 deflects beams 21, 21' at an angle 

such that they do not reach the point of projection of the 
remaining projected mask pattern image. Instead, the re- 
maining mask pattern image which is focused by projector 
lens system 34 onto image plane 24 is made up of the 
unaffected first order beams 18, 18' and any higher order 
beams. Thus optical element 28 does not absorb zeroth 
order beam 20 of the projected mask pattern image, as 
was done in prior art by use of an opaque filter, but in- 
stead deflects the zeroth order beam through and beyond 



the pupil and scatters it away from the remaining pro- 
jected mask pattern image. Thus the present invention fil- 
ters and reduces the amplitude of the mask pattern image 
in the pupil or frequency plane as it passes through the 
pupil. Since the zeroth order beam is scattered and not 
absorbed, the diffraction grating of the present invention 
does not heat up and therefore does not cause any 
changes to the index of refraction of the optical material 
in the vicinity of the pupil, as in the prior art. Baffles (not 
shown) may be provided to suppress the stray beams 21, 
21\ 

[0023] while the preferred embodiment of the present invention 
deflects zeroth order beams, and permits first and higher 
order beams to project onto the wafer, optical element 28 
may diffract or otherwise deflect one or more other orders 
of beams, and permit at least one order of the remaining, 
non-deflected beams to reach the wafer. For example, the 
removal of a non-zeroth order beam may improve imag- 
ing in, for example, two-dimensional patterns. As alterna- 
tives to the preferred diffraction grating, the optical ele- 
ment may also comprise one or more suitable refracting 
or reflecting optical elements that deflect one or more of 
the orders. 



[0024] The improvement in resolution as a result of the present 
invention is shown in the comparison of projected mask 
images in Figs. 3A and 3B. In Fig. 3A the projected pattern 
image 16 emitted by passage of the energy beam through 
mask 14 is received at the image plane with a pitch 30, 
which is a function of the sine of the angle 0 between ad- 
jacent zeroth and first order beams 20, and 18, 18', as 
well as the wavelength A of the energy beam. The im- 
provement in accordance with the present invention is de- 
picted in Fig. 3B, where as a result of the absence of ze- 
roth order beam 20, the angle of theta between first order 
beams 18 and 18' is larger and the pitch of the imaged 
pattern 30' is therefore smaller. This essentially reduces 
the theoretical pitch of the image pattern in half. While the 
pitch can be improved through other means, for example, 
the use of a prior art alternating phase shift mask, the 
present invention enables one to achieve this level of res- 
olution enhancement without the use of the expensive 
mask technology. 

[0025] a simulated comparison of the lithographic performance 
of a mask pattern with and without the present invention 
is depicted in Fig. 4, showing the aerial image of the two 
systems of Fig. 3A and 3B. The graph shows the aerial im- 



age in the wafer plane for the case of three orders con- 
tributing to the image, i.e., without obscuration by pupil 
filter 28, and the case of two orders contributing to the 
imaging, i.e., with obscuration by pupil filter 28 as de- 
scribed above. In the case of two orders, the pitch of the 
image is half the pitch of the image produced with three 
orders. 

[0026] Accordingly, the present invention provides for improved 
resolution of projected mask pattern images in litho- 
graphic production of microelectronic features through 
filtering of zeroth order energy beams, which results in 
amplitude filtering of the energy beam without changing 
its phase. This may replace phase shifting masks. 

[0027] while the present invention has been particularly de- 
scribed, in conjunction with a specific preferred embodi- 
ment, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art 
in light of the foregoing description. It is therefore con- 
templated that the appended claims will embrace any such 
alternatives, modifications and variations as falling within 
the true scope and spirit of the present invention. 

[0028] Thus, having described the invention, what is claimed is: 



